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(54) Continuous ceramic composite plating method and apparatus for long doctor blade base 
materials 



(57) The present invention relates to a continuous 
ceramic composite plating method for long doctor base 
materials which comprises a degreasing step, rinsing 
step, add immersion step, rinsing stepi electroless 
ceramic composite nickel plating step, plating solution 
collection step, rinsing step, and drying step t>etween a 
first step of suool vina continuously o ne or a plurality of 
long doctor blade base matenals heM on one or a plu- 
rality of material reels spirally while the t)lade surfaces 
are maintained in a horizontal cfirection with respect to 
the surface of a solution and a predetermined interval 
therebetween is maintained and a final step of taking up 
continuously the one or plurality of blade base materials 



on a plurality of corresponding take-up reels while the 
one or plurality of blade Ixise materials are cramped by 
a plurality of pinch rolls, as well as to an apparatus 
therefor. 

According to the present invention, ttie doctor 
t)lades can be plated continuously and effidentiy. The 
obtained product is not curled arxi has at>rasion resist- 
ance and durability t>ecause ceramic fine powder are 
deposited on the effective surface of the blade eff k:ientty 
in a high concentration. Since no spacer is used, the 
blade has good outer appearance and excellent corro- 
sion prevention properties. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . RekJ of the Invention 

TTie present invention relates to a method of plating a doctor blade. More specifically, the present invention relates 
to an efficient continuous plating method for doctor t>lades especially used for gpavure (Intaglio) printing, which provides 
the doctor blades having a coat excellerrt in abrasion resistance, and the present invention also relates to an apparatus 
10 therefor. 

2. Description of the Related Art 

In gravure (intaglio) printing, ink adhered to a non-image portion of a plate barrel is scraped away while a doctor 
75 blade is pressed against the circumferential surface of the plate barrel by a predeternuned pressure. The doctor blade 
removes the ink on the norvimage portion completely and has a function to leave a predetermined amount of ink on an 
image portion. Accordingly, the contact pressure between the plate barrel and the doctor blade must be always main- 
tained at a predetentiined level and a cfistal end portion of the doctor blade is required to have abraskm resistance. 
One of methods for providing abrasion resistance to tiie distal end portion of the doctor blade is to fonm a ceramic 
20 plating layer on that portion. 

This method is corrprised of: adding an appropriate amount of ceramic fine pcwder such as silicon cartM'de or 
boron nitride to an electroless nickel bath or electric nickel bath; plating under agitation; depositing and compounding 
these fine powder into a plating film simultaneously with the plating; and t>aking the plating film as rehired to form a hard 
layer on the surface of the doctor blade. 
25 The size of the doctor blade to b>e installed in a printing machine conforms to the width of a roll of the plate barrel 
(such as 50, 90, 1 20 or 400 cm). The widtii of the blade HseK is, for example, 45, 50 or 60 mm. To carry out composite 
plating on these blades effkaently, a belt-like steel base material has been directly plated under a state rolled in a roll 
shape through a spacer (such as a steel materiaO that does not affect an ec^e portion of the blade. Thereafter, the roll 
of the base material has been unrolled and cut to a predetermined length to obtain a doctor bl^ (Japanese Patent 
30 Application Lakk>pen No. Hei 4-70343). 

This method has the folkswing problems. 

(1) Since the spacer is used, the marks of an urplated spacer portion are left behind as a net pattern, thereby 
impairing the outer appearance of a product, and the product has a durability problem because the unplated portion 

35 is easy to rust; 

(2) Since plating is carried out in a state that the base material is rolled, a forming effect at the time of plating 
remains when the base material is unrolled after plating. Therefore, a slightly curled product is obtained, a blade 
obtained t)y cutting the base material to a predetermined length has a slight warp (deformation), and contact pres- 
sure to a printing roll at both end portions is slightiy different from contact pressure at a central portion. As a result, 

40 a locally at>normal weight k>ss is induced and printing cannot be made satisfactorily; 

(3) Since the base material wound spirally is pre-treated, plated and post-treated as a set generally, the production 
of doctor blade may only t>e made manually in the batch manner. Therefore, the mass-production of the doctor 
blade requires much labor. Further, an examination that secures renwval of ceramk: fine powder adhered to the 
edge of the blade and the step of polishing the edge of the blade both of whteh are carried out before the shipment 

45 of products must be carried out separate from a plating step; and 

(4) Since not only the edge of ttie blade whk:h is required functionally but also other portions of the doctor blade 
are uniformly plated, the consumption of an expensive chemical is large, thereby presenting a cost problem. 

SUMf^ARY OF THE INVENTION 

50 

The inventor of the present invention has made an intensive study to overcome the abcve problems in the ceranr^ 
plating of a doctor blade of the pria art arxJ has accomplished the present invention. 

It is therefore an object of the present invention to provide a method of plating the doctor blade arxi an apparatus 
therefor which overcome the abcve problems in the ceramic plating of the doctor blade. 
55 In other words, tiie present invention provides a continuous ceramic composite plating method for long doctor base 
materials and an apparatus therefor, having tiie following constitutions. 

1) A continuous ceramk; composite plating method for fong doctor base materials is characterized by comprising a 
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degreasing step^ rinsing step, acid immersion step, rinsing step^ electrotess ceramic composite nickel plating step, 
plating solution collection step, rinsing step, and drying step between a first step of supplying continuously a long 
doctor t)lade base material (2) held on a material r el (1) spirally while th blade surlace is niaintained in a horizon- 
tal direction with respect to the surface of a solution and a final step of taking up continuously th blade base mate- 
5 rial (2) on a corresponcfing take-up reel (30) while the blade base material (2) is cramped tyy a plurality of pinch rolls 
(20). 

2) A continuous ceramic composite plating method for long doctor base materials is characterized t>y comprising a 
degreasing step^ rinsing step, acid immersk>n step, rinsing step^ electroless ceramic composite nickel plating step, 
plating solution collection step, rinsing step, arxi drying step between a first step of supplying continuously a plural- 

10 ity of long doctor blade base materials (2a. 2b, 2c) held on a plurality of material reels (1 a. 1 b, 1 c) spirally while the 
blade surfaces are maintained in a horizontal direction with respect to the surface of a solution , and a predeter- 
mined interval therebetween is maintained and a final step of taking up continuously the plurality of doctor blade 
base materials (2a. 2b^ 2c) on a plurality of corresporKling take-up reels (30a, 30b. 30c) while the plurality of blade 
base materials (2a, 2b. 2c) are cramped by a plurality of pinch rolls (20). 

15 3) The continuous ceramic corrposrte plating method described in the above item 1 ) or 2) may be such fhsX the doc- 
tor blade base materials are of a dout>le-edged type, supplied from the material reels with a central portion other 
than both edge portions masked in a t>elt form, and taken up on take-up reels. 

4) A continuous ceramic composite plating method for k>ng doctor base materials may comprise letting out the long 
doctor base materials plated t)ytfie method descrit>ed in any one of tiie above items 1) to 3) from tfie take-up reels, 

20 Straightening out and baking the bng doctor base materials by passing through a heating furnace. 

5) A continuous ceramic composite plating apparatus for long doctor base materials, including one or a plurality of 
material reels (1 or1a, 1k}. 1c) for hoUing one or a plurality of k>ng blade base materials (2 or 2a. 2b; 2c) spirally, a 
plurality of pinch rolls (20) for aamping and fonMardly supplying the one or plurality of blade base materials contin- 
uously while the blade surface(s) of the one or plurality of t)lade base materials are maintained in a horizontal direc- 
ts tion with respect to the surface of a solution arxi a predetermined interval therebetween is maintained, the same 

number of take-up reels (30 or 30a. 30k^ 30c) for taking up the one or plurality of blades continuously, is character- 
ized by comprising a degreasing tank (3). rinsing tank (4), add immersbn tank (5). rinsing tank (6). electroless 
ceramk: composite nickel plating tank (7), plating solution collecting tank (8), rinsing tank (9), and drying tank (10) 
t>etween the material reels arxi the take-up reels. 

30 6) The doctor t>lade plating apparatus descrtoed in the above item 5) may have a space tank (1 2) disposed between 
the respective treatment tanks, and a partition plate having a slit portion (1 4) through whk:h a single blade can pass 
or a plurality of parallel si'rt portions (14a, 14t), 14c) through which a plurality of blades can pass witti maintaining a 
predetermined interval theret>etween is used to separate each treatment tank from each space tank. 
7) An apparatus for corrtinuousty produdr^g baked k>ng doctor materials may comprise a plurality of pinch rolls (20) 

35 lor continuously fonwardly straightening out tong doctor materials plated by tfie method descrit)ed in the above item 
1) or 2), from tiie take-up reel arid a straightening furnace for t>aldng through wNch the straightened plated t)lades 
pass. 

BRIEF DESCRIPTION OF THE PRAWIfOGS 

40 

The above and other objects and advantages of this invention will become dear from the following description with 
reference to the accompanying drawings of exemplary embodiments of the present invention, of which: 

Fig. 1 is a side view showing an outiine of a plating apparatus according to the present invention; 
45 Fig. 2 is a perspective view of slit portk)ns for separating each treatment tank from each space tank in the plating 
apparatus of the present invention; 

Fig. 3 is a schematic sectional view showing a contact state between a distal end portion of a plated blade and a 
plate t>anrel according to a method of the present invention; and 

Fig. 4A is a side view showing an example of material reel portions of the apparatus of the present invention, and 
50 Fig. 4B is a plan view thereof. 

D^AILED DESCPIPTIQN QF THE INVENTION 

Fig. 1 is a side view showing an outiine of one example of a plating apparatus for carrying out a doctor blade plating 
55 method according to the present invention. The apparatus shewn in Rg. 1 plates three long doctor blade base materials 
at the same tic. According to the present invention, th number of long base materials to be plated at the sam tim is 
not limited to 3 arxi may be 4 or more, or only one. 

In Fig. 1 . reference numeral 1 (1 a, 1 b. 1 c) denotes a material reel for hdding a long doctor blad bas material 2 
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(2a, 2b. 2c) in a spiral form. The doctor blade bas material 2 is forwardty supplied while being cramped by a plurality 
of pinch roils (20) provided between the respective treatment tanks (described later), treated in a pre-treatment process 
A, a composite plating process B and a post-treatment process C. and taken up by means of a take-up reel 30 (30a, 
30b, 30c). The running speed (processing speed) of the doctor blade base material 2 Is adjusted by the take-up speed 
5 of the take-Lq:> reel (30). 

In the present invention, it is necessary to fbnward the doctor blade base material (2) with the blade surface main- 
tained in a horizontal direction with respect to the surface of a solution and let it pass through each treatment tank. 

The pre-treatment process A provided t>etween the material reel (1) and the composite plating process B consists 
of a degreasing step, rinsing step, acid immersion step and rinsing step, and a degreasing tank (3), rinsing tank (4), acid 

10 irTvnersk)n tank (5) and rinsing tank (6) are provided for the corresponding respective steps. AIsol the post-treatment 
process C provided between the composite plating process B and the takenip reel (30) includes a plating solution col- 
lection step, rinsing step and drying step, arxi a plating solution collectbn tank (8), rinsing tank (9) and drying tank (10) 
are provided for the corresponding respective steps, similarly. These treatment tanks are arranged in series so that the 
pre-treatment composite plating and post-treatn>ent are carried out continuously. 

15 Further, a space tank (1 2) is provkied between the respective treatment tanks. The respective treatment tanks and 
space tanks are separated by a partition plate (16) having a slit portion 14 (14a, 14bt 14c) through which the blade can 
pass as shown in the perspective view of Rg. 2. A slight amount of a pre-treatment solutk>n (degreasing chemical, 
acklk; solution, plating solutfon) or a slight anrxHjnt of a post-treatment solution (rinsing sdutbn) flows into the space 
tank through the opening of the slit. However, these solutions are removed from an outlet (not shown) in a k3wer portbn 

20 of each space tank and recycled to the respective treatment tanks as required. The material constituting each tank and 
partitk>n plate has resistance to the process solutk)ns and any materials known in this fiekJ conventionally (such as hard 
vinyl chloride and acrylk; resins and the like) may be used without restriction. 

As the degreasing process whk^h is earned out in the deceasing tank as the pre-treatment process A, electrolytic 
degreasing, alkali degreasing or the like may be employed. In the case of electrolytic degreasing, grease adhered to the 

25 surface of the base material is removed using a commercially available electrolyte for degreasing (for example, a 50 g/l 
solution of the Ace Qean 5300 of Okuno Seiyaku Kbgyo Ca) at a terrperature of 30°C ^ 

for atxHit 3 minutes, for example. In the case of alkali degreasing, grease adhered to the surface of the t>ase material 
is removed by passing the t>ase material through a commercially available alkali solution (for example, the Pakuna RT- 
23ofYUken Kbgyo Co.) at around SO'C for 5 minutes. 

30 After rinsing in the rinsing tank (4), the t>ase material is inunersed in the add immersfon solution tank (5) containing 
hydrochlork; acki having a concentratfon of 5 to 10%, for example, at room temperature for 3 to 5 minutes. 

After immersion in an ackl, the base material blade cleaned in the rinsing tank (6) is plated in the composite plating 
tank. The plating \s generally corxlucted through an electroless ceramic composite nickel plating. However, electric 
composite plating can t>6 carried out as the case may ba The electroless ceramic composite nickel plating is plating 

35 that is carried out under agitation by dispersing ceranrvc fine powder such as silk^on cart>ide or tx)ron nitride into an ^ec- 
trdess ntekel plating solution and jetting the solution. The ceramk: fine powder is deposited and compounded into a 
plating film, whereby a plating film having excellent at>rasion resistance and durability can be obtained. 

The conrvx>site plating process of the method according to the present invention is characterized in that the base 
material Is allowed to pass through the plating tank while it is heM in a horizontal directfon, a plating solution is stirred 

40 by jetting to disperse cerannc fine pcwder unrfbrmly into the plating solution, and the ceramk; fine powder deposited on 
the top surface of the base material blade is caused to be present in a higher concentration than the ceramk; fine pow- 
der deposited on the under surface of the base material blade using a gravitation function. Thus, the obtained plated 
blade is used such that the SKle of a distal end portfon thereof having a high concentration of the ceramic fine powder 
is in corrtact with a printing roll. 

45 In other words, a contact state betwe^ the distal end portion of the blade plated t>y the method of the present 
invention and a plate barrel is such as shown in Rg. 3 that the distal end portfon 2' having a high concentratfon of 
ceranruc fine powder, abrasion resistance and durability is in contact with the plate barrel 40. 

According to the present invention, as an electroless ceramic composite nickel plating solutioa the following com- 
position \s employed. 

50 





NiS04 • 6H2O 


24 g/liter 


55 


DL maik; acid 


20g/lrter 




soda sucdnate 


40g/lrter 




lead acetate 


0.002 g/liter 
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(continued) 



soda hypophosphate 


25 g/liter 


SiC (average diameter of 0.5 ^m) 


10 g/lrter 


caustic soda 


arTK>urTt as to ok>tain pH of 5.0 



In the present Invention, portions where plating are unnecessary in the blade base material, that is, a central por- 
tion and a rear end portion other than an edge portion (about 5 mm) for a singid-edged btade and a central portion for 
w a double-edged blade are masked in the form of a bett and plated, thereby making it possible to further reduce the con- 
sumption of the ceramic fine pcwvder. In this case, the masked portkHis are subjected to a special rust-proofing treat- 
ment (such as treatnnent with a phosphate), thereby making it possible to increase a product value. 

Masking means is not particularly limited but masking may be carried out by affixing silicone rubber to a portion to 
be masked in a belt form or affixing masking tape. 
15 The plating solution collection tank (8) is provided right after the plating solution tank (7) so that the plating solution 
collected is recycled to the plating tank from a lower portion thereof. 

The plated blade cleaned in the rinsing tank (9) is dried with hot air (50 to 150°C) in the drying tank (1 0). 
A polishing machine for removing foreign mattm adhered to the cfistal end portion of the blade may be provided 
between the drying tank (10) and the product take-up reel (30) to polish the edge of the blade continuously. This polish- 
20 ing may be carried out after baking. 

Baking is carried out by straightening out the base material blade and supplying it to a straightening furnace after 
the base material blade is taken up on the take-i4> reel. The hardness of the blade is improved t>y this baking. As baking 
conditions, for example, a temperature of 100 to 400'*C and a time of 0.5 to 3 hours may t>e enjoyed. 

After baking, the blade is graduated at predetermined interval (for example, every 5 cm) in a lengthwise direction 
25 of the blade by a graduating machine, and shipped directiy or by cutting as required. 

Incidentally, after the completion of the post-treatment process, baking and polishing are carried out without taking 
up tiie blade to obtain a product directiy or by cutting. 

The apparatus deserved atx^ve (Fig. 1) has three material reels to treat 3 blade base materials at the same time, 
but can treat, for exarrple, 1 0 blade base materials at the same time. Stated nrare specif k;ally, as shown in Rg. 4A and 
30 Fig. 4B which are a schematic skJe view and a schematic plane view of the material reels and ttie base materials sup- 
plied from the reels, respectively, by i^ng 5 material reels (la to 1)^ arranged in a zigzag form in a horizontal direction, 
1 0 blade base materials (2a to 210 can be treated at the same time. 

According to the doctor blade plating method of the present invention described above, plating pre-treatnent (alkali 
degreasing step, rinsing step; acid immersion step, and rinsing step), composite plating, plating post-treatment (rinsing 
35 Step, drying step, and surface polishing step) processes can be carried out continuously. Furthernrx>re. the examination 
arxi polishing of the edge of the blade which have been separate steps in the prior art can be incorporated into the 
method, thereby greatiy improving plating efficiency, and being capable of labor saving arxJ the mass-production of the 
blade witii ease. Since these treatment processes are arranged in series, the obtained product is free from delbrnnation 
such as curting arxi from a bcally abnormal weight loss and has excellent printing properties. 
40 Furtiier, since composite plating is carried out while the doctor blade base material is heki in a horizontal direction, 
it is possible to cause ceramic fine powder to deposit on the effective surface of the blade eff identiy in a high concen- 
tration, tiiereby providing excellent abrasion resistance and durability to the blade economically. Furthennore, since 
portions not to be plated of the blade base material are masked and plated, the consumption of the fine powder can be 
reduced. In this case, when ttie masked portions are subjected to a special rust-proofing treatment, the product value 
45 can be increased. 

Furthermore, the product obtained by the present invention has excellent outer appearance and an excellent prod- 
uct value without tiie nriarks of a spacer left on the surface of the product because the spacer is not used unlike the plat- 
ing method of the prior art as well as inrproved durability with excellent corroskxi resistanca 

50 BEST MODE FOR CARRYING OUT THE If^NTlON 

The follGwing examples are given to specifically descrbe the effect of the method of the present invention. 

CLAIMED METHOD 

55 

Using an apparatus of the present invention having 7 material reels, electrolytic degreasing step, rinsing step, add 
immersion step, rinsing step, composite plating step, rinsing step and drying step were carried out sequentially to treat 
doctor blade base materials. The base materials w re electrolyzed at a temperatur of 30"C and a current density of - 
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5 A/dm^ for 3 minutes using a 50 g/l solution of the Ace Gean 5300 of Okuno Seiyaku Kogyo Ca as the electrolytic 
degreasing stepi The base nnaterlals were rinsed In 5 % hydrochloric acid for 3 minutes as the acid imnnersion step and 
plated at 85*^0 for 60 minutes using the Composite Shoomer SC-80 (SC-80-1 : 200 ml/l, SC-80-2: 20 ml/1; Nippon Kan- 
izen Ca) as the composite plating step. The interval of the seven base materials was 20 mm and th plating speed was 
10 m/hr. After plating, the seven plated blades were measured for the thicknesses of their plating films at 6 locations 
and the results (average value) are shown in TatHe 1 . When both front and rear surfaces of each blad were observed 
through a microscope, the marked adhesion of SiC was observed on the front surface rather than the rear surface. After 
the deformation of the blade (fourth t)lade) at the center was further observed visually, the blade was cut. a picture of 
the cross section of the blade was taken by an (electron) microscope, the contents (VOL%) of SiC contained in the plat- 
ing f Bm on the effective surface and the rear surface were obtained from the photomicrograph, and the presence of rust 
after 80 minutes of immersion in 5% of salt water was checked. The results are shown in Table 2. 

CONVENTIONAL METHOD 

A doctor blade t>ase material was wound spirally using an SUS metal net spacer arKi the same electrolytic degreas- 
ing stepi rinsing step, acki immersion step, rinsing step, composite plating step^ rinsing step and drying step as 
described above were canied out sequentially in a t>atch manner to process the doctor blade base material. The defor- 
matton, the contents of ceramic fine powder (SiC) on front and rear surfaces, and rust prevention properties were meas- 
ured and evaluated in the same manner as descrit>ed above. The results are also shown in Table 2. 



Table 1 



average thickness of plating f flm (^m) 




front surface 


rear surface 


first t)lade from the top 


9.50 


9.43 


second blade from the top 


9.57 


9.63 


third t>lade from the top 


10.13 


10.20 


fourth blade from the top 


10.63 


10.57 


fifth t)lade from the top 


10.10 


10.13 


sixth blade from the top 


9.80 


10.20 


seventh blade from the top 


10.40 


10.57 



Table 2 





claimed method 


conventional method 


deformation 


no 


slightiy curled 


content of SiC fine powder 






effective surface 
rear surface 

corrosfon prevention spacer properties 


25vol% 

8vot% 

no corrosion 


15vol% 
15vol% 

portion having contact mark is corroded 



Clainns 

1 . A continuous ceramic composite plating method for long doctor base materials comprising: a degreasing step; rins- 
ing step; ackf immersion step; rir^ng step; etectroless ceramic composite nk^kel plating step; plating solution col- 
lection step; rinsing step; arKi drying step between a first step of supplying continuously a long doctor blad base 
material heM on a material reel spirally while th t)lade surface is maintained in a horizontal direction with respect 
to the surface of a solution and a final step of taking up continuously tiie blade base material on a corresponding 
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take-up reel while the blade base material Is cramped by a plurality of pinch rolls. 

2. A corrtiruious ceramic composite platirig method for long doctor t>a8e materials comprising: a degreasing step; rins- 
ing step; add innersion step; rinsing step; electroless ceramic composite nickel plating step; plating solution collec- 

5 tion step; rinsing step; and drying step between a first step of supplying continuously a plurality of long doctor blade 
base materials hekJ on a plurality of material reels spirally while the blade surfaces are maintained in a horizontal 
directk>n with respect to the surface of a solution and a predetermined interval therebetween is maintained and a 
final step of taking Lf> continuously the plurality of doctor blade l>ase materials on a plurality of corresponding take- 
up reels while the plurality of blade t>ase materials are cramped by a plurality of pinch rolls. 

10 

3. The continuous ceramic composite plating method accorcGng to daim 1 or 2, wherein the doctor blade t>ase mate- 
rials are of a double-edged type, supplied from the material reels with a central portion other ttian both edge por- 
tions masked in a belt form, and taken up on take-up reels. 

15 4. A continuous ceramic composite plating method for long doctor basQ materials comprising: l^ng out the long doc- 
tor base materials plated by the method according to any one of claims 1 to 3 from the take-up reels, straightening 
out and baking the long doctor base materials by passing through a heating furnace. 

5. A continuous ceramic composite plating apparatus for long doctor base materials, including: one or a plurality of 
20 material reels for hokiing one or a plurality of long blade base materials spirally; a pltrality of pinch rolls for cramp- 
ing and forwardly supplying the one or plurality of t)lade base materials continuously while the blade surface(s) of 
the one or plurality of blade base materials are maintained in a horizontal directkm with respect to the surface of a 
solution and a predetermined interval therebetween is maintained; and the same nurrber of take-up reels for taking 
up the one or plurality of blades continuously, sakJ apparatus comprising: a degreasing tank; rinsing tank; acid 

25 immerBkm tank; rinsing tank; electroless ceramk; composite nk^kel plating tank; plating solution collecting tank; 
rinsing tank; and drying tank between the material reete and tiie take-up reels. 

6. The doctor blade plating apparatus according to daim 5, wherein a space tank is (fisposed between the respective 
treatment tanks, and a partition plate having a slit portton through whrch a single blade can pass or a plurality of 

30 parallel slit portions tiirough whk^h a plurality of blades can pass with maintaining a predetermined interval there- 
between is used to separate each treatment tank from each space tank. 

7. An apparatus for continuously produdng baked long doctor materials comprising: a plurality of pinch rolls for con- 
tinuoi^ fonwardly straightening out long doctor materials plated by the method according to daim 1 or 2 from the 

35 take-up reel; and a straightening furnace for baking through which the straightened plated blades pass. 
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